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The cardiovascular response to total cord occlusion (TCO) results in fetal bradycardia [1] . This deceleration in fetal heart rate is generated by vagal Stimulation and acts äs an early indicator of cardiovascular disturbances during labor. The present knowledge of the patho-physiological response of the fetal heart rate to TCO is however still inconclusive [2, 5, 13, 14] . The factors which are involved in the rise of the fetal blood pressure are not well established and so is the quantitative relationship between the rise of the fetal blood pressure and the fall of heart rate. In addition no experiments were performed which show the influence of TCO on quantitative alterations of the fetal oxygenation and fetal brain function. The present study was performed to investigate with an experimental model in sheep these questions under physiological and also under pathological conditions. The pattern of fetal heart rate in threatened fetal Situation should be known for Supported in part by a grant from the United Cerebral Palsy Research and Education Foundation 237-71 and the Deutsche Forschungsgemeinschaft, Germany. In part presented to the American Physiological Society: Symposium on "Fetal Blood Flow and Oxygen Delivery", Philadelphia, Pennsylvania, August 12- 13, 1976. clinical reasons. The fetal brain function was investigated in terms of fetal EEG. It could be demonstrated that fetal heart rate feil äs a result of the arterial blood pressure elevation. However the elevation of the fetal blood pressure was dependend on the blood pressure and the umbilical blood flow before occlusion of the umbilical cord. The fetal EEG showed a dramatic response after 60-80 sec with a complete disappearance of the brain electricalactivity.
l Methods l. l Material, anesthesia and surgical procedure
The experiments were performed on 11 sheep with a dated gestational age of 126 to 137 days. Anesthesia was induced with 3-5% halothane and 30% oxygen in nitrous oxyd by means of amask. The ewe was then intubated and after relaxation mechanically ventilated. Anesthesia was maintained with 0.5-1 % halothane, 30% oxygen and N 2 0. The abdomen was opened by a midline incision 0300-5577/80/0008-0084$02.00and one uterine hörn exposed. An incision was made in an avascular area of the uterine hörn and the fetus exteriorised. Two catheters were placed via the left femoral artery of the fetus (FA) into the fetal aorta, one used for continous monitoring and the other for blood sampling. The common umbilical vein was exposed by an abdominal incision superior of the umbilicus. An electromagnetic flow probe with an inner diameter of 5-7 mm was then placed around the vein. An inflatable cuff was placed around the umbilical cord. For fetal EEG monitoring the fetal scalp was incised. Two extradural electrodes were placed in burr holes made with a dental drill over the right hemisphere.
.2 Experimental procedure and measurements
'Total cord occlusion (TCO) wasperformed 27 times in 11 animals: in 13 cases for at least 10 sec and in 5 of them for a maximum of 300 sec. In 21 cases the mean arterial blood pressure, fetal heart rate and umbilical blood flow could be measured simultanously. Fetal arterial blood (FA) was drawn from one aortic catheter and analysed for oxygen Saturation (SO 2 ) (IL/Co-oxymeter), pH 311(1 P CO 2 (mmHg) (IL-gasanalyzer). The blood pressure -systolic and diastolic BP -was measured with strain gauge transducers (STATHAM Pb 23) and fetal heart rate (FHR) by means of a cardio-tachometer (BECKMAN-Instruments)which was triggered by the blood pressure wave. Umbilical blood flow was measured with an electromagnetic flowmeter (STATHAM PS 2002). All Parameters were continously recorded throughout each experiment with an Beckman-8-channel dynograph. A second dynograph was used for FEEG monitoring (paper speed 2.5 cm/sec). The Interruption of the umbilical circulation was paralled by a discontinuation of the oxygen supply OXYGEN SATURATION (·/·) 70 -
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· · r During the control period a good relationship between the pH and the PC0 2 could be established demonstrating that with increasing PCO a the pH feil. The same exists for the l min period had became clearly evident for the 2 and 5 min compression time. If we assume that the sheep fetal blood has about the same buffer properties äs the human blood the caculated regression coefficient of-0.7 deviates significantly from the theoretical relationship of -1.58. This fact demonstrates that during cord compression the buffer base feil.
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Fetal brain function observation
In 5 fetuses the fetal EEG was measured throughout total cord occlusion. In all cases a typical recording was seen äs shown in Fig. 3 . 40-50 sec following total cord occlusion the EEG showed a decrease in amplitude and a drop out of faster frequencies and after 80 sec no signs of electrical activity could be seen anymore.
Fetal cardiovascular alterations following
total cord occlusion 2.2.1 Fetal heart rate (FHR) and arterial blood pressure (BP)
The abrupt interruptionof the umbilical circulation was followed by an increase of the systolic and diastolic blood pressure accompanied by a fall of FHR (Fig. 4) . The systolic and diastolic blood pressure was at control 53 (SD 7) (N = 9) mmHg and 39 (SD 5) (N = 9) mmHg, respectively. There was a continous increase up to 60 and 90 sec: systolic BP 86 (SD 19) (N = 9) and 106 (SD 5) (N = 5) mmHg; diastolic BP 59 SD 7) (N = 9) and 63 (SD 4) (N = 5) mmHg, respectively following TCO. The increase was associated with a rise in pulse pressure. Fetal heart rate feil within 29 sec from 174 (SD 36) b/min to about 80 b/min and remained there for the time of compression.
2 2.2 The analysis of the blood pressure and the fetal heart rate response following total cord occlusion during the first time sequence of 10 sec
The response of the fetal blood pressure and fetal heart rate was analysed during the initial time sequence of 10 sec following total cord occlusion in 27 observations. Different experimental conditions were present i.e. it waspossible to study fetal heart rate and blood pressure response at normal and pathological fetal blood pH, S0 2 and umbilical blood flow, respectively. The results were grouped according to the pH in the fetal arterial blood and considered äs normal if the pH was 7.31 and more (N = 12). Moderate acidosis was assumed if the pH was 7.21-7.30 and severe acidosis was assumed to be present if the pH was 7.20 and less (Tab. I).
2.2.3
Fetal systolic and diastolic blood pressure and fetal heart rate.
In There was a close relationship between the blood pressure at control ancf the pH of the fetus (p = -488 + 72.6 -pH, N = 27, r = 0.79, 2α < 0.001).
The rise of the systolic s well s the diastolic blood pressure was related to the metabolic Status of the fetus. The blood pressure achieved its maximum value after 2-3 sec following total cord occlusion. After a short tepdency to fall, evident in the group with normal pH, the blood pressure rose again after aboUt 8-10 sec. The fetal heart rate showed a continous fall from about 170 b/min to bout 120 b/min after 10 sec. The fall of the fetal heart rate showed no significant difference between these groups. , and fetal heart rate (FHR) following total cord occlusion (TCO). With total cord occlusion the blood pressure increased and fetal heart rate feil. The measurements are given äs mean ± Standard deviation. A higher time resolution of the alterations in fetal blood pressure of the first 10 sec following TCO is shown in Fig. 5 .
Tab. L The pH, base excess and the oxygen Saturation in the fetal arterial blood and umbilical blood flow before total cord occlusion. The values were grouped according to the pH measured before the occlusion and related to the cardiovascular observations äs shown in the figure 5 (x = mean, SD = Standard deviation, N = number of observations 6.2 (7) 25.9 12.9 2.2. 4 The mean arterial blood pressure after 3 sec following total cord occlusion and its relationship to the blood pressure, umbilical blood flow before TCO and to the fetal heart rate following TCO An attempt was made to analyse the relationship of the blood pressure and the umbilical blood flow at control and the rise of the fetal blood pressure following total cord occlusion. In addition it was important to know how the rise of the blood pressure was counteracted by slowing of fetal heart rate. The measured values 3 sec following total cord occlusion were therefore selected. The cardiovascular parameters measured at this time are not a result of the desoxygenation of the fetal blood. They demonstrate most likely the response of the baroreceptors which are simply stimulated by the increase of the blood pressure resulting from the sudden elevation of the umbilical vascular resistance (see discussion). 2.2.6 Umbilical blood flow (UBF). The increase of the blood pressure was related to the umbilical blood flow at control (Fig. 7) . To the respective values a logarithmic regression line was adapted.
In the ränge of an UBF between 40 and 140 ml/kg/ min the rise of the arterial BP is roughly proportional to the UBF. If the blood was more than 200 ml/kg/min the increase of the arterial BP exceeds never 20 mmHg.
2.2.7 Fetal heart rate (FHR). In Fig. 8 UMBILICAL BLOOD FLOW before TCO (ml-min 1 ·kg-1 ) Fig. 7 . The increase of the mean arterial blo'od pressure (BP) measured 3 sec following total cord occlusion related to umbilical blood flow (Qumb) before TCO. A logarithmic regression line was adapted to the respective data. The increase of the BP is almost proportional to Qumb in a ränge of 40-140 ml/kg/min, however levels off if Qumb is greater than 150 ml/kg/min.
Discussion
According to clinical observations the occlusion of the umbilical cord during parturition is the most frequent cause for the fetal heart rate deceleration observed during the last stage of labor [3, 8] . The Stimulation of the baroreceptors and fetal hypoxia are in this context the mechanisms which are involved, in fetal heart rate slowing äs already shown by BARCROFT [1],REYNOLDS [9] for the fetal lamb, YEH et al. [14] for the baboon and from LEE and HON [5] for the human.
Two question have been of major importance:
what is the effect of the total cord occlusion on fetal oxygenation and fetal EEG in terms of the time sequence, and secondly it was of interest to differentiate between the heart rate slowing which is due to barcreceptor Stimulation and due to hypoxia s an impact of the chemoreceptors and its relationship to the fetal condition.
Oxygen supply and fetal EEG following total cotd occiusion
The 0 2 -uptake of the sheep fetus obtained ander acute conditions was found to be 6.1 ml/kg/min [4] . Since in total cord occiusion the O 2 transfer from the mother to the fetus is immediately interrupted, the fetus has to use its oxygen Stores to meet the requirements of its energy need. The only Stores which are available are the oxygen that is bound to the hemoglobin and the oxygen that is dissolved in the fetal blood. As the small amount of oxygen which is dissolved in the fetal blood is of less significance the decline of the oxygen Saturation following total cord occiusion can be easily calculated from knowing the hemoglobin concentration (CH = 14 g%), the oxygen Saturation before occiusion (S0 2 = 50%) and the blood volume of the fetus (80 ml/kg). If we assume that the need of energy during total cord occiusion is fairly constant and the oxygen is consumed in a constant rate of 6.1 ml/kg/min it can be calculated from (1) t = · BV -S0 2 -C Hb ' 134 -6.10-3 (sec) (1) that the total amount of oxygen which was available at the moment of occiusion is consumed after 74 sec. This calculated figure is in a good agreement with the decline of oxygen Saturation in the fetal arterial blood measured during total cord occiusion (Fig. 1) . According to the calculated regression line the fetal SO 2 approaches zero after 69 sec. The depletion of the fetal oxygen stores was paralled by an increase of the fetal Pco 2 an^ a ^ °f the pH in the fetal blood (Fig. 2) . If the buffer base would be constant the regression coefficient for the Alog P C o 2 /ApH is -1.58. In the present observations however the calculated regression line deviated significantly from this theoretical relationship: Alog Ρ € ο 2 /ΔρΗ = -0.70. This indicates that even at short episodes of 3-5 min hypoxia the buffer base of the fetal blood feil. The observations of the fetal EEG are especially of clinical significance. In many cases heart rate decelerations during vigorous contractions occure for 60 sec and last even longer. So it was also surprising to see that the changes in the electrical activity of the fetal brain occured almost after 45 sec of total cord occiusion (Fig. 3) . The first alterations of the fetal EEG took place after a critical O 2 -saturation of about 15% had been achieved. This is in good agreement with previous observations [6] . After 60 sec the EEG became flat and remained so for the time of occiusion. At present no data are available concerning the longterm effect of the intermittently occuring isoelectric EEG following TCO. It may be speculated that even short episodes of hypoxic insults have an impact on the brain cells which can not be revealed by the applied method of EEG monitoring during the recovery period. One should keep that in mind observing variable heart rate pattern during parturition.
The cardiovascular response to total cord f occiusion l l
The cardiovascular response to total cord occiusion has to be distinguished from a response which is due to the Stimulation of the baroreceptors resulting from the elevatedresistancein the umbilical circulation and a response which is due to hypoxia. The fetal circulation time from the umbilical vein to the carotid artery was 1.9 ± 0.2 sec [7] . The first response to total cord occiusion however took place within 0.25 sec, so that we may assume that the initial cardiovascular response was due to a baroreceptor Stimulation. Fetal blood sampling · in short Intervall of 5 sec following fetal aorta occiusion reveal also that the oxygen Saturation is ! not affected within 5 sec [11], so that chemore-; ceptor Stimulation may not interfer with the measurement conducted 2-3 sec following total cord occiusion.
The initial cardiovascular response to total cord occiusion was rise in fetal blood pressure and a ι fall in fetal heart rate. These cardiovascular alterations are consistent with the findings of others ''
[1,2,9,13,14]. The initial response may be explained by the sudden redistribution of the placental fraction of the cardiac Output following TCO to the blood flow that perfuses the fetal tissue. This response is similar to that described by SHINEBOURNE et al.
[11] occluding the fetal aorta in conscious sheep throughout gestation. Theoretically this increase in fetal blood pressure should be twice äs high äs before occlusion. However umbilical blood flow, fetal blood pressure and finally fetal heart rate, which are related to the fetal condition are also involved in the rise of fetal blood pressure following TCO. According to equation (2) the fetal arterial blood pressure (pa) is dependent on the fetal cardiac output (C.O.) and the flow resistance (R) which is offered to C.O. by the fetal tissue and the placenta.
Under physiological conditions 60 % of the fetal C.O. are directed to the placenta and 40% to the fetal tissue [10] . Fetal blood pressure is so far related to both tissue (Q T ) and placental blood flow (Q P ) and tissue (R T ) and placental resistance (Rp) · R T and Rp are in parallel and so it follows (3) According to this equation and to the above mentioned distribution of C.O. the pa would increase by 70% if the cord is totally occluded i.e. by an increase of the umbilical resistance to infinit. However fhis increase of the blood pressure of 70% would only occure, if the C.O., the force of cardiac contraction and the resistance to blood flow in the fetal tissue remain constant during the time of occlusion. It is most likely that this does not take place. The relationship between the blood pressure at control and the blood pressure after 3 sec indicates an increase of 20-30%. The distribution of blood flow to the placenta and the fetal organs before occlusion may be related too, äs the fall of fetal heart rate is also responsible for the reduced blood pressure elevation following total cord occlusion. The rise of the blood pressure is exspected to be high if the umbilical blood flow is normal and low if the blood flow approaches zero. This may also explain the drop of fetal heart rate which is more marked under physiological conditions. Quantitative assessment of baroreflex activity has not been carried out during total cord occlusion. The only data available are gained from the experimental set up used by SHINEBOURNE et al.
[11] which is quite similare to our study. With an inflatable balloon which was placed in the fetal aorta the baroreflex activity in conscious sheep throughout gestation was studied. The proportion of positive baroreflex responses increased with advancing gestational age, For the estimation of the reflex activity a different approach is possible and given in detail in their paper. In the present fmdings the increase in blood pressure and the fall of fetal heart rate was not always constant, so that we have selected a constant time of 3 sec after total cord occlusion was startedforanalyzing. The data reveal a baroreceptor response which is fairly invariable of 3.8 b/min and mmHg of fetal mean arterial blood pressure elevation and which was not related to the condition of the fetus. In summary it may be stated that the first response of fetal heart rate deceleration which takes place following total cord occlusion is a baroreceptor response due to the increased vascular resistance in the umbilical circulation lasting for at least 15-20 sec. This response is generated by an increase of the fetal blood pressure and might explain in clinical situations the sharp fall of fetal heart rate starting with a contraction of the Uterus and its disappearance after relaxation. This short episodes of fetal heart rate deceleration are considered not to do any härm to the fetus if lasting not longer than 15 sec, especially if they arise from a normal baseline fetal heart rate. Heart rate decelerations of longer duration signal however hypoxic episodes and are of no good prognostic value, especially if they arise from an elevated baseline fetal heart rate.
Summary
The effect of total cord occlusion (TCO) on the time sequence of fetal oxygenation, metabolic and cardiovascular parameters and on brain function of the sheep fetus was studied. It was also of importance to differentiate between cardiovascular alteration following TCO due to hypoxia and baroreceptpr response, respectively. The investigations were performed on 11 near term pregnant sheep with dated gestational age of 126-137 days. Catheters were placed in the fetal aorta for monitoring fetal arterial blood pressure (FA BP), fetal heart rate (FHR). Blood samples were drawn and analysed for pH, Pco 2 anc * SO 2 . An electromagnetic flow probe was placed around the common umbilical vein. Fetal EEG was measured over the right hemisphere. All parameters were studied over a varying time of TCO. 
Conclusions:
From the observations it is concluded that the initial response of FHR following TCO is a baroreceptor response due to the sudden rise of FA BP. This episode is shortlasting and in case of fetal heart rate Interpretation during labor of less importance. The major impact and responsible for heart rate slowing is the fetal hypoxia leading to the extreme rise of the FA BP and slow down of FHR.
Keywords: Acid base balance, baroreceptor response, fetal blood pressure, fetal EEG, fetal heart rate, total cord occlusion. Conclusions: Les Observations permettent de conclure que la reponse initiale de la FCF a la suite de 1OFT en set une barorcceptrice liee a Paugmentation soudaine de la TAF. Cet 6tat est bref et de faible importance pour Finterprctation de la frequence cardiaque foetalc pcndant le travail. La bradycaidie est liee essentieUement a ITiypoxie foetale entrainant une augmcntation extreme de la TAF et la chute progressive de la FCF.
